Summary: This paper evaluates on the performance of the inflation-targeting regime in three emerging East-Asian economies that have experienced changes in monetary policy regimes, from rigidities to a flexible exchange rate and inflation targeting, after the financial crisis of 1997-98. In particular, the evaluation focuses on the inter-relationship between inflation and the output growth/gap in these emerging economies between the pre-and post-inflationtargeting periods. A bivariate GARCH (1,1) model is applied. The results reveal lower variability in inflation and output growth after the implementation of the inflation targeting regime. The persistency of inflation and output also decline. The study finds no evidence of greater disinflation cost experienced in these economies after the implementation of the inflation-targeting regime. Overall, the results imply that inflation targeting works well in these emerging markets.
Inflation targeting has gained popularity around the world since its implementation in the early 1990s. A growing number of countries, especially emerging countries, implement this regime implying a greater concern of central banks over price stability, low inflation, and sustainability in growth. Lessons from the international experiences suggest that the preconditions for the success of inflation targeting are central bank independence and exchange rate flexibility, political commitment and the institutional set-up and economic structure (Ferya Kadioğlu, Nilufer Özdemir, and Gokhan Yilmaz 2000) . Many emerging countries are lack of these preconditions for a proper implementation of the inflation targeting regime. Therefore, it is argued that emerging countries face a greater challenge in achieving inflation targets compared with developed countries.
Can the inflation targeting regime work well in emerging East-Asia under exchange rate stability objectives? Is there any trade-off relationship between inflation and output variables? This paper seeks to answer the above questions. The paper, in particular has two main objectives: (1) to evaluate the performance of inflation targeting regimes in emerging countries, and (2) to investigate the relationship between inflation and output variables. The analysis focuses on three inflation-targeting EastAsian countries. These countries were selected because their monetary policy regimes have gone through extreme big switching following the financial crisis of 1997-98 from a rigid exchange rate to a flexible exchange rate and inflation targeting. The change in the monetary policy regime and the impacts on these economies constitute an interesting topic. This study seeks to find out if inflation targeting can work well in emerging markets and what the impacts of inflation targeting are on the macroeconomic variables in these countries, the objective being to evaluate the effectiveness of the inflation-targeting regime in these markets. Furthermore, this study contributes to the extent of monetary policy analysis in two ways. First, a GARCH model is used to analyze the causal relationship of output-inflation variability in the emerging markets context in which large changes are experienced, from a rigid exchange rate to the flexible one and inflation targeting. Second, the analysis is divided into pre-and post-inflation-targeting periods (pre-IT and post-IT, respectively), towards determining if the causal relationship of output-inflation variability changes between the two different regimes.
Our results show that the variability and persistency in both output and inflation in these economies declined after the implementation of the inflation-targeting regime. The conditional variance approach also reveals no significant causal correlation between inflation and output variability in the pre-IT and post-IT periods. Implementation of the inflation targeting regime also does not induce disinflation cost, i.e. a lower inflation rate does not lead to lower output growth after the implementation of the inflation-targeting regime. Overall, the results imply the effectiveness of the inflation-targeting regime in these emerging markets.
Literature Review
In general, empirical studies on the effect of inflation targeting can be divided into two main groups. The first group reports no statistical difference in performance due to inflation targeting (e.g. Stephen Cecchetti and Michael Ehrmann 2000; Yuzo Honda 2000; Hakan Berument and Ebru Yuksel 2006) . The second group reports an opposite result, in which inflation targeting does lead to a structural change/break in the inflation path (e.g. Chan Huh 1996; Frederic S. Mishkin and Adam S. Posen 1997; Carlos J. T. Garcia 2000) .
The approaches and methods applied are different as well. In general, previous studies on the performance of inflation-targeting can be divided into two main groups. The first group applies econometric techniques/models to analyze the dynamics/performance of inflation targeting such as value-at-risk, autoregressive and generalized autoregressive conditional heteroskedasticity (GARCH) models. Applying the system equation of the value-at-risk model, some authors attempt to investigate if the adoption of inflation targeting leads to a structural change in inflation and interest rates (e.g. Huh 1996; Ben S. Bernanke et al. 1999; Honda 2000) . The second group evaluates the performance of inflation targeting through disinflation cost and observations on country-specific data. Some authors evaluate the effect of inflation targeting by looking at it from the aspect of disinflation cost, the so-called sacrifice ratio. Studies that evaluate the effect of inflation targeting using the sacrifice ratio include Carlos Eduardo Soares Goncalves and Alexandre Carvalho (2006), Takashi Senda and Julie K. Smith (2008 ), Demet Tunali (2008 .
Overall, empirical studies on the effect of inflation targeting imply that improves the performance of the economy. However, a small number of studies show an insignificant effect of inflation targeting. The effectiveness of the impact of inflation targeting may vary across countries and dimensions, and over time (Carlos PANOECONOMICUS, 2012, 5, pp. 599-608
Capistrán and Manuel Ramos-Francia 2007). The type of economy or the structure of economy and the credibility of the central bank do contribute to the different outcomes of this regime. For example, Arminio Fraga, Ilan Goldfajn, and André Minella (2003) find that developed countries perform better than emerging market economies with output, inflation, interest rate and exchange rate being more volatile in the latter countries. In addition, the exchange rate, (Michael Bleaney 2000; Menachem Brenner and Meir Sokoler 2006) and the type of shock (demand or supply) (Ching-chong Lai and Juin-jen Chang 2001) can also matter in determining the effect of inflation targeting. John H. Green (1996) also cautions on the cyclical factor effect in his study of inflation targeting in industrial countries.
Methodology
To evaluate the performance of the inflation targeting regime in terms of policy gains, this investigation focuses on revealing the trade-off relationship between inflation and output. For the purpose of analysis, a bivariate GARCH (1,1) model is applied. The GARCH specification measures public perception inflation variability rather than the variance itself (Berument and Yuksel 2006) . A lower variability in inflation implies the effectiveness of the inflation-targeting regime. Although ARCH and GARCH models are used to analyze high frequency financial data, they are also commonly used to analyze the dynamic of economic volatilities and uncertainties such as exchange rate and inflation uncertainties. Among the studies that apply GARCH-type specifications to model inflation and inflation uncertainty are Alexandros Kontonikas (2004) , Menelaos Karanasos and Jinki Kim (2005) , Hassan Heidari and Sahar Bashiri (2010) , Komain Jiranyakul and Timothy P. Opiela (2010) . In this study, our main focus is on the relationship between inflation and output variability. Therefore, a bivariate GARCH specification is applied. The model can be represented in the following equation: 
where C denotes the 2x2 upper triangular matrix with intercept parameters and A and B are 2x2 matrices of parameters, i.e.,
To get a plausible multivariate GARCH model, t H should be positive definite. To assure this requirement, C is identified to be upper triangular. 
The GARCH model provides analysis on the persistency of shocks, the correlation between real and nominal uncertainty, and the impacts of uncertainty of one variance on the conditional variance of another variance.
Results and Discussion
This study is based on three economies that have adopted inflation-targeting economies in Asia, namely, Korea, the Philippines, and Thailand. The data are obtained from the International Financial Statistics of the International Monetary Fund (IMF). The dataset includes the monthly consumer price index (CPI) and the monthly industrial production index (IPI). These data are used to construct the two variables of the GARCH model, i.e., inflation ( ) and the output variable (Y). Following previous studies that use an annualized inflation rate, e.g. Philip Arestis, Guglielmo Maria Caporale, and Andrea Cipollini (2002), the inflation is defined to be the log current CPI deviates from its log 12 th lagged, i.e., 12 log log
, which is the annualized inflation rate. Since data for GDP are not available, the output gap is constructed based on IPI data of IPI data and is defined as the log difference of IPI from its HP-filtered trend series, i.e. log log HP t t
IPI IPI 
. The data start from 1980M9, 1985M1 and 1987M1 to 2010M6 for Korea, the Philippines, and Thailand, respectively. For purposes of comparing and evaluating on the inflation-targeting regime, the data are divided into two sub-periods: the pre-IT and post-IT. These countries started implementing the inflation-targeting regime at different times. Korea took the first initiative to implement the inflation-targeting regime in April 1998, followed by Thailand in May 2000, and the Philippines in January 2002. Therefore, the pre-IT period will be 1990M1 until the last month before the implementation of inflationtargeting, and the post-IT period will be the date of the beginning of inflationtargeting to 2010M6.
The discussions of the results can be divided into two parts: i.e. observations from country-specific data and estimation results from the GARCH (1,1) model. Notes: Dex denotes the change in the nominal exchange rate; Gap is the output gap; I is the interest rate; Logcpi is the consumer price index in logarithms; Logex is the nominal exchange rate in logarithms; Logy is the industrial production index in logarithms; and pi is the inflation rate.
Source: Authors' estimations.
Based on country specific data as summarized in the descriptive table, the inflation rate and the interest rate for these three economies declined after the adoption of inflation-targeting. On the other hand, output growth increased between the two sub-periods. Moreover, the exchange rate fluctuated more under the inflationtargeting regime. The result is reasonable, as inflation-targeting cannot co-exist with a fixed exchange rate regime and inflation-targeting should be implemented under a flexible exchange rate regime. Comparisons of the macroeconomic variables between the two sub-periods in these economies also reveal that the exchange rate tended to appreciate in the post-IT period. In general, the dataset shows improvement in the macroeconomics, i.e. lower inflation rate and interest rate. However, is the improvement in inflation rate associated with higher cost? Or is there a trade-off relationship between inflation and output?
Apart from the observation and analysis based on country specific data, the performance of inflation-targeting regime can be evaluated using a bivariate GARCH (1,1) model. Table 2(a) summarizes the estimated results of the bivariate GARCH (1,1) model. By comparing the results between the two sub-periods, the performance of inflation-targeting across countries and over time may be evaluated.
C is the mean levels of the conditional variances, i.e. 11 c and 22 c are the means conditional variances of inflation and the output variable, respectively; 21 c is their mean covariance. The results show that the mean of the conditional variance of inflation is larger than that of the output variable in the pre-IT period for all countries considered in the analysis. This condition holds after the implementation of inflationtargeting in the Philippines and Thailand, with lower values in both 11 c and 22 c . In the case of Korea, however, 22 c is larger than 11 c in the post-inflation-targeting pe-riod. The results imply an improvement in terms of lower variance in inflation, relative to that in the output variable, after the implementation of inflation-targeting regime in these economies. Indeed, the variance in the output variable is even greater than the variance in inflation in the post-inflation-targeting period. On the other hand, the mean of conditional covariance of inflation and the output variable is not significant in all cases.
A indicates the correlation between the conditional variance of inflation and the output variable with their past squared errors. The off-diagonal elements show the impacts of the past information/squared error of one variable on the conditional variance of another variable. The results show that the past information on inflation has a larger impact on the conditional variance of inflation than it has on the conditional variance of the output variable. On the other hand, the past information on the output variable has a larger impact on the increment of output than it has on the increment of inflation. This result holds in all cases (in all countries and in the two subperiods). Apart from this, the past information of inflation (output variable) on the conditional variance of the output variable (inflation) is not statistically significant in all cases except in the post-IT case in Korea. In that case, the results reveal a negative significant impact of the past output information on inflation.
B shows the link/correlation between the current conditional variance of variables and their past conditional variances. The diagonal elements can be interpreted as the persistency in the conditional variance. The off-diagonal elements indicate how the conditional variance of one variable is correlated with the past conditional variance of another variable. The results show that the output variable is more persistent than inflation in all cases for both sub-periods. On the other hand, a comparison of the results of the pre-IT the post-IT periods shows that the persistency for inflation and the output variable declines a lot in the post-IT period in Korea and declines slightly in the case of the Philippines. The results imply the improvement in inflation and output variable after the implementation of the inflation-targeting regime in these economies.
Overall, the three inflation-targeting economies exhibit quite similar results. First, the variance of inflation is larger than the output variable in both pre-IT and post-IT periods but both variances declined in the post-inflation-targeting period. Second, output is more persistent than inflation. There is evidence of the decline of persistency in both variables in the post-inflation-targeting periods. Finally, there is no significant correlation (or trade-off) between inflation and the output variable. ` 
Conclusion
Focusing on three emerging East-Asian countries, this paper presents an empirical analysis of the performance of the inflation-targeting regime adopted in these emerging economies after the financial crisis of 1997-98. A bivariate GARCH (1,1) model is applied. This approach makes it possible to compare on the performance of inflation between the pre-IT and post-IT periods on the one hand, and to investigate the inter-relationship between inflation and output growth on the other hand. The results reveal lower variability and persistency in inflation and output growth in the postinflation-targeting period. No significant correlation was found between inflation and output growth between the two sub-periods. The results show no evidence of a greater disinflation cost experienced in these economies after the implementation of the inflation-targeting regime. Overall, the results show that inflation targeting works effectively in these emerging markets.
